ABSTRACT: A shelterwood system is widely used in forest management practice. Favourable ecological conditions for the growth of desired natural seedlings are provided by a successive canopy reduction. The impact of these changed conditions is reflected to the greatest extent in the morphology and structure of beech leaves. Differences in the leaf structure can mainly be seen between sunlit and shaded leaves and are themselves manifested in changes of element contents in leaves according to the respective conditions. The relationships between analysed variables were studied during research (1996)(1997) in stands of different initial stand density (0.3, 0.5, 0.7 and 0.9), resulting from the shelterwood cut of different intensity (1989). The second criterion was the social status of a tree in stands (dominant, codominant and subdominant) and the third one was the position of leaves in the tree crown (upper, middle and lower part of crown). In the framework of this research the concentrations of Mn and Fe including other macronutrients in beech leaves were evaluated. This paper deals only with manganese and iron due to a limited range of pages. The concentrations of Mn a Fe were studied in beech leaves collected from upper, middle and lower parts of beeches with a different social status. In some cases, statistically significant influences of shelterwood cutting intensity on the analysed variables (metal concentration, dry weight, etc.) were proved at a significance level α = 0.05. It applies to manganese quantity accumulated in leaves of dominant, codominant, and subdominant trees, unit trees, Mn concentration in assimilatory organs, dry mass, iron concentration, etc.
JOURNAL OF FOREST SCIENCE, 51, 2005 (5): 225-236 Shelterwood reduction is used in forest management practice mainly in the shelterwood system. The advantage of forest regeneration through shelterwood cutting is that convenient ecological conditions for the origination and survival of desired natural seedlings are provided by a successive canopy reduction and by the parent stand shelterwood influence (RAY et al. 1999; PASTUR et al. 2000) . The growth potential of the remaining individuals of parent stand is utilised (GREGUŠ 1976) . By shelterwood cutting the stand ecological conditions are changed from full canopy to a clear-cut area situation (KORPEĽ et al. 1991) .
After logging, light and climatic relations are thus changed appropriately. Due to the good adaptability of beech leaves to a local climate the change of their morphology and structure is mostly conditioned by certain growth conditions during establishment and differentiation of assimilatory organs (ROLOFF 1987) . Differences in the leaf structure manifest themselves mainly between sunlit and shaded leaves (HUNTER 1997; MASAROVIČOVÁ et al. 1996) . Plants adaptable to shadow usually form large leaf surfaces with a higher content of cellulose and water in the living tissue. On the contrary, plants exposed to high sunshine form smaller leaf surfaces, several mesophyll layers, thicker epidermis and cuticle and additional characteristic properties (LARCHER 1988; LICHTENTHALER et al. 1981) .
Plants contain different quantities of Mn depending on plant species, evolutionary stage and plot conditions. Mn as a micronutrient occurs in leaves of forest tree species in large quantities up to 3,000 mg/kg (MACHAVA 2002) . KOVALSKIJ (1977) stated the following concentration range for agricultural plants: 0.2-122 -insufficient, 2-3,110 -normal and 49-11,000 mg/kg -excessive. Plants take up mainly manganese (Mn 2+ or Mn 3+ -chelate forms) bound to organic substances and to a small extent in a water-soluble form (FINCK 1969) . Mn activates enzyme systems, participates in photosynthesis and takes part in chlorophyll production. Mn influences Fe redox transformation. At Mn deficiency a large part of Fe is in a reduced form that acts toxically on a plant cell. At Mn oversupply whole Fe bound in a cell is in an oxidising state, physically inactive and initiates chlorosis. However, total amounts of these elements can vary arbitrarily.
Iron uptake by plants is not unambiguously illustrated. Owing to easily oxidisable forms, Fe usually quickly turns into insoluble compounds and the free ionic form almost does not exist in plants. Its transport and function in plants are conditioned by specific transport and acceptor systems.
Fe accumulates mainly in chloroplasts and takes part in a photosynthetic apparatus. Nearly 90% of the whole amount of Fe in leaves is incorporated into chloroplasts. Its transport into chloroplasts is probably controlled by the cytoplasm. This means that Fe gets in chloroplasts after the saturation of the cytoplasm structure. On account of that, chlorosis of assimilatory organs manifests itself at first and then growth disorders and defects in the cytochrome system occur. Chlorosis can be caused by Fe deficiency or induced by an excessive amount of Mn (Mn-chlorosis). According to MENGEL (1984) such chlorosis occurs at Mn content < 100 mg/kg. Likewise, the limit for Fe concentrations in assimilatory organs has not been determined in Slovakia until now. STEFAN et al. (1997) stated the optimal Fe concentration in assimilatory organs 200 mg/kg, which corresponds with the value quoted by MAŇKOVSKÁ (2001) .
In general, Fe and Mn are interrelated in their metabolic functions, and their appropriate proportion (the Fe/Mn ratio should range from 1:1.5 to 2.5) is necessary for healthy plants ( KABATA-PENDIAS, PENDIAS 1992) .
This paper deals with changes in Mn and Fe concentrations in beech leaves owing to altering ecological conditions caused by shelterwood cutting of different intensity. Research was conducted in the whole tree crown, aimed at the social status of trees in the stand and leaf position in the sample tree crown (vertically divided into crown parts -upper, middle and lower -each equals to one third of the crown length).
MATERIALS AND METHODS

Study area
The beech stand was studied in Central Slovakia (48°38´N and 19°04´E) at the Ecological Experimental Station (EES) Kremnické vrchy Mts. The age of the stand was 100 years (at the time of sampling) and it is situated on a western slope with a gradient up to 20°, at an altitude from 450 to 470 m, the mean annual temperature is 8.2°C, in the vegetation period 14.9°C, the mean annual total precipitation is 664 mm and in the vegetation period 370 mm. The main stand-forming association is Dentario bubliferae- Fagetum ZLATNÍK 1935 , with locally admixed Carici pilosae-Fagetum OBERD (1958 . From the February 1989 shelterwood cutting of different intensity was done corresponding to several phases. After regeneration cutting in 1989, the original stand density 0.9 was changed to the following levels: -to 0.3 on the H plot (high intensity cutting), -to 0.5 on the M plot (medium intensity cutting), -to 0.7 on the L plot (low intensity cutting). The C (control) plot remained intact with the original stand density 0.9. The aim of this intervention was first of all to remove diseased, dying trees and trees of very low quality as well as individuals of admixed species. Mensurational variables on PPs from 1989 (cutting) compared to those from 1996 (sampling) are shown in Table 1 . Other characteristics of the locality and research on the plots were described in previous papers (BUBLINEC, DUBOVÁ 1993; PICHLER, GREGOR 1994; KELLEROVÁ et al. 1997; GREGOR 1999; ZACH et al. 2002; SCHIEBER et al. 2003) .
The evaluation of the influence of shelterwood cutting intensity on plot parameters is based on the assumption that all plots have similar properties, including Mn and Fe contents of soil.
To examine the chemical composition of beech leaves, codominant, dominant and subdominant sample trees were selected according to Kraft's tree classification on each of all four PPs (C, L, M, and H). Twelve trees were gradually cut, leaf samples were processed and analysed.
Sample tree harvesting began after the physiological maturity of leaves was achieved (23 July-10 September 1996, 1997).
Plant material
Leaf position in the tree crown was the first criterion for leaf sampling. So leaves were sampled from the upper, middle and lower third of tree crowns. The social status of trees in the stand was the second criterion for the complex evaluation of changes in concentrations of chosen elements as a reaction to altered climatic conditions in the investigated stands. The selected group of mean trees was divided into three sub-groups. That means the sample trees were from 4 stands with different intensity of cutting (intensive, medium, low and control; the third criterion) and in each stand there were dominant, subdominant and codominant trees.
After drying, leaf samples were homogenised by the Fritsch planetary micromill pulveriser 7. During a digestion process a 0.5g sample, dried at 85°C to a constant weight, was mixed with 5 ml of concentrated HNO 3 , p.a. and treated in a microwave oven at the output P = 60% during 12 minutes (Key Reference, CEM 1988) . Filtration was carried out through filter paper Filtrak 391 and sample solution was made up to a volume of 50 ml. Element concentrations in the sample solution were determined by atomic absorption spectroscopy (AAS) on GBC Avanta 900 spectrometer. Besides Mn and Fe, other elements including Cu, Zn (yet unpublished) and macronutrients Ca, Mg, K and Na (BARNA, BUBLINEC 2002) were determined. Mutual relationships between individual elements were assessed, including the Mn:Fe ratio.
RESULTS AND DISCUSSION
Mn and Fe concentrations according to cutting intensity
Mn concentrations determined in leaves from all plots ranged from 371.50 to 953.23 mg/kg. The lowest concentration was recorded in leaves from the middle part of the crown of codominant tree on plot L. The highest one was determined in leaves from the upper part of codominant beech tree on plot H.
On plot C the Mn highest concentrations were recorded in dominant beech trees (lower part -939.61, middle part -863.01 and upper part -794.92 mg/kg). Then subdominant trees followed and the lowest ones were in codominant trees. Comparing the concentrations in the order dominant, subdominant and codominant trees, the highest concentrations were recorded in lower parts (939.61; 596.97 and 762.41 mg/kg), followed by the middle and the upper part of trees, with the exception of the codominant tree.
On plot L the highest concentrations were, similarly like on plot C, in dominant trees (mean 776.59 mg/kg), lower ones were in subdominant trees and the lowest in codominant trees. In subdominant trees the highest Mn concentration was recorded in the lower part of the crown. In codominant trees the concentrations were balanced and in dominant trees the concentration was highest in the upper part.
On plot M the highest Mn concentrations were in codominant trees in the upper third of the crown and in subdominant and dominant trees in the middle part. On plot H with the highest intensity of cutting these highest values in subdominant and dominant trees were shifted to the lower part of crowns. In codominant trees the highest value was still in the upper part, which was the maximum value of all determined concentrations at the same time.
The Fe concentrations on plot C increased in leaves from codominant to dominant and subdominant trees in all three parts. The highest values were in the middle part of crowns in subdominant (188.04 mg/kg) and codominant trees (97.32 mg/kg) and in the lower part in dominant trees (158.76 mg/kg).
On plot L Fe concentrations in leaves increased in the upper and middle parts from codominant to dominant and subdominant trees, only in the lower part it was from dominant to codominant and subdominant trees. The highest content of 208.61 mg/kg was recorded in the lower part of subdominant trees and the lowest content of 91.43 mg/kg in the upper part of codominant trees, which accounted for approximately one half of the value determined in the same place in subdominant trees. The concentrations from the upper to the lower part of trees increase with the exception of dominant trees in which the highest concentration was found out in the middle part.
On plot M Fe concentrations in leaves increased from codominant to dominant and subdominant trees with the exception of the upper part, where the highest value of 168.51 mg/kg was in dominant trees. In dominant trees Fe contents in the whole crown were approximately equal, but the lowest one was in the lower part. The highest Fe content of 178.99 mg/kg was measured in subdominant trees in the lower part while the lowest value of 80.31 mg/kg was in codominant trees in the middle part.
On plot H Fe concentrations also increased from codominant to subdominant and dominant trees, but this increasing trend from the upper to the lower part was found out only in subdominant trees. In dominant trees the highest value was in the middle and the second highest in the lower part of the crown. In codominant trees this trend was opposite when the highest concentration was in the upper part. The highest content of 319.42 mg/kg was in dominant trees in the middle part while the lowest value of 126.95 mg/kg was determined in codominant trees in the lower part.
Mn and Fe concentrations according to social status
The influence of regeneration cutting on Mn and Fe concentrations in leaves with respect to the social status of beech parent stands is discussed in the following part.
Mean Mn concentrations in leaves from the examined beech trees and in leaf dry mass are presented according to social status (dominant, codominant and subdominant) and shelterwood cutting intensity (high -initial stand density 0.3, medium -0.5, low -0.7 and control -0.9) in Table 2 . The most remarkable relationships between determined Mn concentrations in leaves and in dry mass of assimilatory organs (DMAO) were recorded in dominant trees. Mn concentrations decreased in beech leaves with the simultaneous decrease of stand density from plot L (0.7) to plot M (0.5), but in the most intensive cutting (plot H -0.3) Mn concentration suddenly increased to 705.02 mg/kg. Conversely, DMAO from one beech increased from plot L to M (21.43 kg dried leaves) and on plot H this variable dropped to 16.34 kg. The courses of DMAO and Mn concentration in assimilatory organs were opposite and no linear dependence was found out. However, Mn content in the foliage of one beech (Table 3) increased with the increasing intensity of shelterwood cutting (from plot L to H) with the exception of the control plot, where the highest value of 12,364.30 mg was recorded. Without taking into account this value, linear regression was established between the amount of Mn accumulated in foliage from one tree and the cutting intensity (from plot L to H) on the respective plots (equation 1). For example: at SD = 0.4 the Mn amount accumulated in beech leaves was 11,117.24 mg. This increase of Mn amount in beech leaves with increasing cutting intensity can be explained by the fact that the drop of Mn concentration (865.85 to 499.79 mg/kg) is balanced by an increase in DMAO and vice versa. In other words, the increase of Mn accumulation in beech foliage with increasing cutting intensity can be caused mainly by the enlarged root system (BARNA, KODRÍK 2002), consequently the higher uptake of nutrients by trees and by the higher quantity of absorbed solar energy through leaves.
The validity of this relationship, but only without the values from plot C, can be explained by an assumption that the regime of nutrient supply on other plots was disturbed by silvicultural practices and due to the Mn uptake it was the highest on plot C. Further, Mn concentrations in leaves and DMAO are variables with a reciprocal trend. Actually, Mn quantity in leaves of one beech tree multiplied by the respective stand density (from 0.9 to 0.3) gives the variable related to so called "unit tree" and corresponds to an equally large area. Concentration or amount of Mn and Fe in sample tree leaves (N) multiplied by the constant equalling to stand density of a given stand (0.3; 0.5; 0.7 and 0.9 -in equations marked by SD -stand density) gives the variable related to the unit tree. The following relationships were confirmed between the plots of EES: N × (SD) corresponds to 1 unit tree and is supposed to be under full density. N × (1/SD) expresses how much more Mn a tree can uptake at different cutting intensity. For the complete smoothing of values shown in Tables 3 and 5 , other factors exerting the influence on analysed trees should be substituted into equations and/or the analysed tree groups should be enlarged.
This assumption is confirmed by further linear regression (equation 2) between Mn amount in foliage from a unit tree and decreasing stand density (but in this case from plot C to H). (Table 2) . Mn content in leaves increased with a decrease of stand density (from plot L to H), when the highest concentration of 847.16 mg/kg was recorded. Mn content in the leaves on the control plot exceeded this range. Again without taking into account this value, linear regression was proved between the Mn concentration in leaves and the cutting intensity on the respective plot (equation 3). The amount of leaf dry mass on individual plots showed a similar trend like in dominant trees, but calculated quantities were more than 1.5 times lower compared to dominant trees. It means that the highest amount of Mn was recorded on plot M (0.5) again. But the lowest value was determined in the control stand and in this case linear regression was again proved between dry mass of leaves and stand density (from plot C to H) (equation 4). The Mn content in foliage of one beech (Table 3 ) also increased with the higher cutting intensity. Moreover, linear regression was confirmed again between Mn amount accumulated in foliage of one beech and the decreasing cutting intensity (from plot C to H) on the respective plot (5). y = 1,174.00 -1,158.88 × SD, r = -0.9881 (3) (Mn concentration in leaves/SD codominant) y = 13.22 -8.17 × SD, r = -0.8440 (4) (Mass of leaves/SD codominant) y = 10,645.34 -9,519.89 × SD, r = -0.9755 (5) (Mn in foliage of 1 beech/SD codominant) y = 8.97 -9.11 × SD, r = -0.9161 (6) (Mass of leaves/SD subdominant) y = 6,120.96 -6,376.96 × SD, r = -0.8469 (7) (Mn in foliage of 1 beech/SD subdominant) For codominant trees the Mn amount accumulated in the foliage of a unit tree ranged from 2,266 to 2,903 mg per unit tree (Table 3) . It means that the Mn uptake by a unit tree was not probably dependent on cutting intensity.
In subdominant trees the linear regression between determined Mn concentrations in beech leaves and stand density was not confirmed, but it existed between DMAO and stand density on the respective plot (6). The highest Mn concentration was determined in beech leaves on plot C (743.89 mg/kg). DMAO increased from stand C to stand H with the most intensive cutting intervention (7.21 kg). The course of Mn amount in leaves from one beech was up-ward from stand C to H, and linear regression (7) between them was proved. Mn amount in leaves from unit tree ranged from 880.42 to 1,556.26 mg, and there was not any statistical dependence. The influence of cutting intensity on Fe concentrations in leaves represented in Tables 4 and 5 is not so unambiguous as in Mn. Although linear regression between Fe concentrations in leaves and shelterwood cutting intensity (from stand C to H) was confirmed (8), it was only in dominant trees and nearly at the confidence limit. Fe concentrations varied in a very small range, in dominant trees it was approximately around 160 mg/kg, only on plot H (0.3) the concentration increased to 274.54 mg/kg. In codominant trees it was around 100 mg/kg, with the exception of 144.77 mg/kg on the same plot and in subdominant trees all concentrations were in the range 170.19-198.4 mg/kg. Relationships between DMAO from individual stands in dominant, codominant and subdominant trees and shelterwood cutting intensity (from stand L to M and H) were evaluated at manganese levels. (Table 5 ) calculated per foliage of one beech in dominant trees increased with increasing cutting intensity (stand C to H; 4,485.98 g). Moreover, linear regression between the Fe contents in foliage of one beech and shelterwood cutting intensity was proved (9). Fe amount in unit tree foliage on particular plots with respect to cutting intensity slightly decreased. It is caused by the fact that Fe concentrations differed very little (153.37 to 274.54 mg/kg) ( Table 4) . As for the other Fe concentrations in leaves, this dependence was not confirmed. Further, linear regression was also proved in codominant trees between Fe contents in foliage from one beech (10) and the shelterwood cutting intensity (from stand C to H) and the same dependence was demonstrated for Fe amount in unit tree foliage (11) and shelterwood cutting intensity (from stand In subdominant trees linear regression was confirmed between Fe amounts (12) in foliage of one beech and stand density (from plot C to H) and the same dependence for Fe contents (13) in the foliage of unit tree.
The determined values were statistically evaluated (Table 6 ). Concentrations of analysed elements can be expressed by some statistical characteristics, but only arithmetic mean, standard deviation and coefficient of variation are the most important for a practical use. The highest concentration of Mn (953.23 mg/kg) was on plot H with the highest cutting intensity and the lowest concentration (371.50 mg/kg) on plot L with the lowest one. The standard deviation (s x ) describes the dispersion of the measured values around the mean value (x) so that it gives the region x + s x , in which a certain number of all numbers x j occurs. All values occur practically within three standard deviations of the mean (µ ± 3 s x ) (ŠMELKO 2000). The higher the values s x , the greater the dispersion of the measured values and vice versa. Standard deviation values have an unambiguous sequence with stand density. The coefficient of variation (s d %) is a relative measure of the variability of values. It expresses the standard deviation in the percentage of the arithmetic mean and makes it possible to compare mutually analysed variables in a better way. Table 5 shows that the coefficient of variation had an increasing tendency simultaneously with the decreasing intensity of cutting intervention.
In general, the course of Fe concentrations was opposite compared to Mn concentrations, but mean concentrations shown in Table 6 eliminate this sufficient characteristic. The highest Fe mean concentration was also found out on plot H with the highest cutting intervention, but the lowest one was on the control plot, where the second highest Mn mean concentration was recorded.
Curtosis indicates relative skewness or flatness of the distribution in comparison with normal distribution. Skewness denotes the degree of variable arithmetic distribution around the mean value. These coefficients test the significance of differences between analysed and normal distribution. Because all values are in an interval of (-2, +2), this distribution does not differ from the normal one.
Finally, Fig. 1 shows three-dimensional representation of the measured Mn concentrations. The course of these concentrations is fitted by an appropriate function (Fig. 1) , therefore the real course need not be so smooth. Mn concentrations in crowns of dominant beech trees increased proportionally with stand density in each third of the crown (Fig. 1a) . The determined concentrations from plot M deviated from this trend (Table 1 ). This can be partly explained by the fact that mean values are calculated for the whole crown and the sensitivity of these measurements depends on sampling places in crowns. In codominant trees this trend was opposite. The highest concentrations were determined in sample tree leaves from plot H with the cutting of highest intensity (Fig. 1b) , which can be explained by the higher Mn uptake by trees. This sequence is a little bit broken by the results from plot L, which are lower than those from the control plot (Table 1) .
This trend of concentrations slightly changed in codominant and subdominant trees, the distribution of concentrations in crowns was slightly shifted (Figs. 1b, c) . It seems to be the exception from the observed regularity. It follows from all above-mentioned results that the increase of Mn concentration in beech foliage and of foliage mass (BARNA 2001) with increasing cutting intensity can be explained by the enlarged root system (BARNA, KODRÍK 2002) and consequently by the higher uptake of nutrients by trees and finally by the higher quantity of absorbed solar energy through leaves. The mentioned typical differences between trends of Mn and Fe in dominant trees can be seen in Fig. 2 . In dominant trees the Fe concentrations did not differ from each other very much in the particular thirds (Fig. 2a) , but unlike Mn the highest Fe concentrations were recorded on plot H with the cutting of highest intensity, which is in accordance with conclusions of BARNA and BUBLINEC (2002) that the Ca concentrations in beech leaves increase with increasing cutting intensity. In codominant trees, the difference between the analysed Fe concentrations diminished (Fig. 2b ) and in subdominant trees (Fig. 2c) these concentrations varied in a narrow range. It means that the increased intensity of cutting influenced the Fe concentrations in leaves only in dominants trees. In codominant trees it was so to a small extent only. Fe concentrations are more dependent on stand density in comparison with Mn. Similarly like in dominant trees, in codominant trees Fe concentrations in leaves increased with the intensity of cutting in all thirds of the crown (upper, middle and lower thirds - Figs. 2a, b) . In subdominant trees this dependence was not proved. Maximum values were determined on plot L while minimum ones on plot M. This proved again that these trees grew under different conditions than the upper storey (BARNA 2004) .
In other words, the influence of cutting intensity on Fe concentrations in leaves was closely connected with the opening up of the stand and the amount of incident light on foliage.
CONCLUSION
After shelterwood cutting of different intensity was used, the influence of changed stand density on biomass production of beech leaves was statistically proved in codominant and subdominant trees (equations 4 and 6). This statistical dependence was confirmed in other variables. At first, it is concentrations of Mn in leaves of codominant trees (equation 3) and of Fe in leaves of dominant trees (equation 8). Secondly, it is an amount of Mn accumulated in foliage of one beech in dominant, codominant and subdominant trees (equations 1, 5 and 7) and an amount of Fe in foliage of one beech in dominant, codominant and subdominant trees (equations 9, 10 and 12). And thirdly, it is an amount of Mn accumulated in the foliage of a unit tree in dominant trees (equation 2) and an amount of Fe in the foliage of a unit tree in codominant and subdominant trees (equations 11 and 13). Table 1 ) and part of crown (upper, middle, and lower third) Table 1 ) and part of crown (upper, middle, and lower third) Although the statistically significant relationship between Mn concentrations in leaves and cutting intensity in codominant trees was proved by omitting the Mn concentration on plot C, the statistically significant relationships were confirmed for an Mn amount accumulated in beech foliage at all tree social statuses and for Mn accumulated in the foliage of a unit tree in dominant trees. In codominant trees the latter dependence was not proved, but in this case the beech takes up Mn through the root system independently of cutting intervention intensity.
A similar situation was in the Fe amount accumulated in leaves while a statistically significant dependence was proved for Fe accumulated in the foliage at all tree social statuses and in a unit tree in codominant and subdominant trees.
Linear regression between the studied variables of Fagus sylvatica showed the way in which the micronutrients Mn and Fe were taken up by the root system and accumulated in leaves by a beech tree.
The increase or decrease of Mn concentrations in leaves of dominant trees was opposite in comparison with the trend of leaf biomass. The highest quantity of Mn accumulated in leaves of one beech on plot C can be explained by the fact that silvicultural practices disturbed the uptake regime of nutrients on other plots. Linear regression was proved only by omitting this value. But in Mn quantities recalculated per unit tree, linear regression was proved for all variables from all 4 analysed plots.
The above-mentioned research results show that the changes of Mn concentrations in dominant trees and of Fe concentrations in codominant trees were closely related with the total weight leaves in a beech crown. This was expressed by the correlation coefficient in equations (1) compared to (2) and the same for equations (10) and (11), which have the opposite sign. The quantity of Mn accumulated in foliage from one unit beech tree decreased linearly from plot C to H (2) and in the quantity of Fe this statistically significant relationship was valid from plot L to H (11). This decreasing trend was caused by the fact that the quantities of Mn and Fe accumulated in leaves of a unit tree decreased with increasing cutting intensity. This dependence was not observed in other trees.
The ratio of Mn to Fe contents should be in the range 1.5-2.5 (KABATA-PENDIAS, PENDIAS 1992), however in our case the value 2.5 was recorded only on plot H in dominant trees. This ratio increased for other alternatives. The highest was recorded in codominant trees on plot M.
